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SYSTEM AND METHOD FOR PRINTING 
REIMAGEABLE TRANSIENT DOCUMENTS 

TECHNICAL FIELD 

This disclosure is generally directed to a system and a 
method having an integrated tonerless printer for Writing one 
or more images on reimageable paper, reimageable transient 
documents or image forming media. More particularly, in 
embodiments, this disclosure is directed to an integrated ton 
erless printer for forming images to reimageable transient 
documents by exposing an imaging layer to a UV light pro 
duced by a light source. UV light causes the imaging layer to 
exhibit a reversible or irreversible transition betWeen a col 
ored state and a clear state to form one or more images in the 
reimageable transient documents. The portion of the imaging 
layer exposed to UV light may remain in the colored state for 
a duration of time to produce transient documents. 

After expiration of the duration, the portion of the imaging 
layer in the colored state may move to the clear state for 
erasing the one or more images therefrom the surface of the 
transient documents. With the imaging layer of the reimage 
able transient documents in the clear state, the transient docu 
ments may be inserted into the integrated tonerless printer to 
have other images formed or Written thereon via UV light. 
Alternatively, the integrated tonerless printer may have an 
erasing mechanism for changing the imaging layer from the 
colored state to the clear state before expiration of the dura 
tion. As a result, a user of the may Write to and may re-image 
transient documents Without utiliZing developer units having 
toner particles or numerous page of printable media along 
With the portable computer. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Disclosed in commonly assigned US. Patent Publication 
No. US 2006-0251988 Al, ?led May 6, 2005, is an image 
forming medium, comprising a polymer, a photochromic 
compound containing chelating groups embedded in the 
polymer, and a metal salt, Wherein molecules of the photo 
chromic compound are chelated by a metal ion from the metal 
salt. 

Disclosed in commonly assigned US. Patent Publication 
No. US 2005-0244744 Al, ?led Apr. 29, 2004, is an image 
forming method comprising: (a) providing a reimageable 
medium comprised of a substrate and a photochromic mate 
rial, Wherein the medium is capable of exhibiting a color 
contrast and an absence of the color contrast; (b) exposing the 
medium to an imaging light corresponding to a predeter 
mined image to result in an exposed region and a non-exposed 
region, Wherein the color contrast is present betWeen the 
exposed region and the non-exposed region to alloW a tem 
porary image corresponding to the predetermined image to be 
visible for a visible time; (c) subjecting the temporary image 
to an indoor ambient condition for an image erasing time to 
change the color contrast to the absence of the color contrast 
to erase the temporary image Without using an image erasure 
device; and (d) optionally repeating procedures (b) and (c) a 
number of times to result in the medium undergoing a number 
of additional cycles of temporary image formation and tem 
porary image erasure. 

Disclosed in commonly assigned US. Patent Publication 
No. US 2005-0244743 Al, ?led Apr. 29, 2004, is a reimage 
able medium comprising: a substrate; and a photochromic 
material, Wherein the medium is capable of exhibiting a color 
contrast and an absence of the color contrast, Wherein the 
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2 
medium has a characteristic that When the medium exhibits 
the absence of the color contrast and is then exposed to an 
imaging light corresponding to a predetermined image to 
result in an exposed region and a non-exposed region, the 
color contrast is present betWeen the exposed region and the 
non-exposed region to form a temporary image correspond 
ing to the predetermined image that is visible for a visible 
time, Wherein the medium has a characteristic that When the 
temporary image is exposed to an indoor ambient condition 
for an image erasing time, the color contrast changes to the 
absence of the color contrast to erase the temporary image in 
all of the folloWing: (i) When the indoor ambient condition 
includes darkness at ambient temperature, (ii) When the 
indoor ambient condition includes indoor ambient light at 
ambient temperature, and (iii) When the indoor ambient con 
dition includes both the darkness at ambient temperature and 
the indoor ambient light at ambient temperature, and Wherein 
the medium is capable of undergoing multiple cycles of tem 
porary image formation and temporary image erasure. 

Disclosed in commonly assigned US. Pat. No. 7,229,740, 
issued Jun. 12, 2007, is an image forming medium, compris 
ing: a substrate; and an imaging layer comprising a photo 
chromic material and a polymer binder coated on said sub 
strate, Wherein the photochromic material exhibits a 
reversible homogeneous-heterogeneous transition betWeen a 
colorless state and a colored state in the polymer binder. 

Disclosed in commonly assigned US. Pat. No. 7,381,506, 
issued Jun. 3, 2008, is an image forming medium, compris 
ing: a substrate; and a mixture comprising a photochromic 
material and a solvent Wherein said mixture is coated on said 
substrate, Wherein the photochromic material exhibits a 
reversible homogeneous-heterogeneous transition betWeen a 
colorless state and a colored state in the solvent. 

Disclosed in commonly assigned US. Patent Publication 
No. US 2006-0222973 Al, ?led Mar. 20, 2005, is a reimage 
able medium, comprising: a substrate having a ?rst color; a 
photochromic layer adjacent to the substrate; a liquid crystal 
layer adjacent to the photochromic layer, Wherein the liquid 
crystal layer includes a liquid crystal composition; and an 
electric ?eld generating apparatus connected across the liquid 
crystal layer, Wherein the electric ?eld generating apparatus 
supplies a voltage across the liquid crystal layer. 

Disclosed in commonly assigned US. Patent Publication 
No. US 2005-0244742 Al, ?led Apr. 29, 2004, is a reimage 
able medium for receiving an imaging light having a prede 
termined Wavelength scope, the medium comprising: a sub 
strate; a photochromic material capable of reversibly 
converting among a number of different forms, Wherein one 
form has an absorption spectrum that overlaps With the pre 
determined Wavelength scope; and a light absorbing material 
exhibiting a light absorption band With an absorption peak, 
Wherein the light absorption band overlaps With the absorp 
tion spectrum of the one form. 
The entire disclosure of the above-mentioned applications 

are totally incorporated herein by reference. 

BACKGROUND 

Portable devices, such as, for example, cellular phones, 
laptops, PDAs and the like are utiliZed on a regular and daily 
basis by mobile Workers to transmit communications 
betWeen coWorkers, clients, employers and the like, to main 
tain business schedules, to manage activities and to access 
and vieW business associated ?les. As a result, these portable 
devices have alloWed the mobile Workers to Work from 
remote locations With respect to places of employment. 
AlloWing mobile Workers to Work from remote locations has 
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caused an increase in demand for portable devices having 
displays to alloW the mobile Workers to access and to vieW 
documents, electronic ?les and the like. 

Portable devices With displays are useful for increasing the 
mobility of the mobile Workers by allowing the mobile Work 
ers to vieW important information or data that may be 
included Within documents and electronic ?les. The mobile 
Workers may retrieve the documents or the electronic ?les 
from storage devices of the portable devices and may vieW the 
documents or the electronic ?les via the one or more displays 
for the portable devices. However, current displays often have 
poor readability or visibility for the documents or the elec 
tronic ?les. The poor readability of displays for the portable 
devices is due to poor resolution in display screens and poor 
brightness With respect to surrounding environments. Typi 
cally, display screens for portable devices have a resolution of 
about 100 dpi. 

Printable media, such as, for example, sheets of paper, 
exhibit a higher readability than the readability of display 
screens associated With portable devices. Traditionally, 
images printed onto printable media have a resolution of at 
least double the resolution of display screens, for example of 
about 600 dpi or more, Which is superior to the resolution 
associated With display screens. Thus, mobile Workers are 
able to vieW documents and the like printed onto printable 
media With greater clarity than documents that are vieWed 
only on display screens of portable devices. 

HoWever, physically printing documents With a portable 
device is presently problematic. The portable devices must 
connect to a printer that is stationary With respect to a physical 
location, such as a computer lab, an intemet cafe, a printing 
shop and the like. Thus, to print images of documents or the 
digital ?les that may be accessed and displayed by the por 
table device, the mobile Worker must either relocate to the 
physical location and connect the portable device to the 
printer, or must print to a remote location and then retrieve the 
prints having the images thereon from the printer. These 
activities that must be completed by the mobile Workers to 
print to the printable media greatly reduces the mobility and 
the productivity of the mobile Workers. 

Alternatively, a portable device may have an integrated 
toner printer associated thereWith. Such printers require 
developer units, such as, for example, toner cartridges, for the 
printer and large quantities of printable media for receiving 
images associated With the documents or the digital ?les from 
the printer. Mo st printers require at least four developer units 
to print or to Write colored images onto the printable media. 
Each developer unit for the printer increases the overall 
Weight of the portable device and the integrated printer. Addi 
tionally, the requirement of large quantities of printable 
media for printing images further increases the overall Weight 
required to move and utiliZe the portable device and the 
printer. As the overall Weight of the printer and the large 
quantities of printable media increases, the usefulness of the 
printer decreases, and the mobile Workers bypass such print 
ers and simply accept the loW resolution of the screen display. 
Moreover, as the overall Weight increases, utiliZing the por 
table device With the printer becomes inconvenient, burden 
some and dif?cult. 

A need, therefore, exists for a system and a method for 
printing reimageable transient documents from a tonerless 
printer integrated With a portable device that increases mobil 
ity and the e?iciency in printing images for greater image 
resolution. Moreover, a need exists for a system and a method 
for printing a large number of pages for a document With a 
smaller number of reimageable transient documents via the 
tonerless printer. 
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4 
SUMMARY 

The present disclosure addresses these and other needs, in 
embodiments, by providing a system for printing an image to 
a document. The system has a portable computing device 
having a central processing unit, Wherein the central process 
ing unit accesses at least one digital ?le. Further, the system 
has a printer connected to the central processing unit, Wherein 
the printer is integrated into the portable computing device, 
Wherein the central processing unit transmits a digital signal 
to the printer, Wherein the digital signal is representative of 
one or more images associated With at least a portion of a 
digital ?le, Wherein the printer has a light source that emits 
ultraviolet light indicative of the digital signal received from 
the central processing unit. Still further, the system has a 
reimageable document positionable adjacent to the light 
source. The reimageable document has a substrate and an 
imaging layer comprising an imaging material, Wherein the 
imaging layer is coated on the substrate, Wherein the imaging 
material exhibits a reversible transition betWeen a clear state 
and a colored state. Moreover, the imaging layer is imagable 
by the ultraviolet light emitted from the light source, Wherein 
the ultraviolet light moves a ?rst portion of the imaging mate 
rial from the clear state to the colored state, and Wherein the 
?rst portion corresponds to the image associated With at least 
a portion of the digital ?le. 

According to aspects illustrated herein, there is provided a 
system for printing one or more images to one or more reim 

ageable documents, Wherein an image is representative of at 
least a portion of a digital ?le, Wherein the digital ?le is 
accessible by a central processing unit. The system has a 
reimageable document having an imaging layer made of an 
imaging material Wherein the imaging material exhibits a 
reversible transition betWeen a clear state and a color state. 
Further, the system has a portable printer connectable to the 
central processing unit, Wherein the portable printer receives 
a digital signal from the central processing unit, Wherein the 
digital signal is representative of a portion of the digital ?le. 
The printer has a light source capable of emitting ultraviolet 
light toWard the imaging layer of the reimageable document, 
Wherein a portion of the imaging layer is imagable by ultra 
violet light emitted from the light source. Moreover, the por 
tion of the imaging layer is movable from the clear state to the 
color state by ultraviolet light and forms a color contrast on 
the imaging layer, Wherein the color contrast de?nes an image 
that is representative of the portion of the digital ?le. 

In embodiments, provided is a method for printing one or 
more images to one or more reimageable documents, Wherein 
the one or more images are representative of at least a portion 
of a digital ?le. The method includes connecting a portable 
printer to a computing device. Moreover, the method includes 
emitting ultraviolet light from a light source, Wherein an 
imaging layer of the reimageable document is imagable by 
ultraviolet light, Wherein ultraviolet light forms a color con 
trast on the imaging layer that de?nes an image representative 
of at least a portion of the digital ?le. 

It is, therefore, an advantage of the various embodiments 
described herein to provide a system and a method for print 
ing reimageable transient documents Which exhibit an 
increased readability When compared to readability of a dis 
play screen from a computing device. Another advantage of 
the various embodiments is to provide a system and a method 
for printing reimageable transient documents Which may be 
vieWed as a permanently printed document to decrease opera 
tion time of a computing device. Yet another advantage of the 
various embodiments is to provide a system and a method for 
printing reimageable transient documents Which increases 
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portability of the documents and a computing device that 
produces the documents. A further advantage of the various 
embodiments is to provide a system and a method for printing 
reimageable transient documents that re-uses and re-images 
the documents numerous times to display more than one 
image representative of digital ?les. Moreover, another 
advantage of the various embodiments is to provide a system 
and a method for printing reimageable transient documents 
that eliminates a burden of changing toner or ink cartridges 
and reduces Wasted paper sheets While providing high quality 
printed media. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a perspective vieW of a system for print 
ing reimageable paper in an embodiment of the present dis 
closure. 

FIG. 2 illustrates a black box diagram of a system for 
printing reimageable paper in an embodiment of the present 
disclosure. 

FIG. 3 illustrates a black box diagram of a system for 
printing reimageable paper in an embodiment of the present 
disclosure. 

FIG. 4 illustrates a perspective vieW of the reimageable 
document in an embodiment of the present disclosure. 

EMBODIMENTS 

Generally, in various exemplary embodiments, there is 
provided a portable computing device having an integrated 
tonerless printer for Writing or printing images associated 
With at least one digital ?le stored Within or displayed by the 
portable computing device to reimageable transient docu 
ments. In other embodiments, there is provided a portable 
tonerless printer that may be connected to a computing device 
for Writing or printing images associated With the digital ?les 
stored Within or displayed by the computing device. The 
tonerless printer exposes areas corresponding to the image to 
be printed, of the reimageable transient documents to UV 
light from a light source Within the tonerless printer. The 
reimageable transient documents may be covered by or may 
be coated With a composition to form an imaging layer. The 
imaging layer may be made of a photochromic compound, 
Where the photochromic compound exhibits a reversible tran 
sition betWeen a colored state and a clear state. 

A user may Write or may print the images directly to the 
reimageable transient documents from a portable computing 
device or from any other type of device containing printable 
?les. The images may be displayed on the reimageable tran 
sient documents for a temporary period of time or perma 
nently. The images may fade from or may be erased from the 
reimageable transient documents, and neW images may be 
formed on the reimageable transient documents. As a result, 
the user may be capable of vieWing any number of images by 
re-Writing or re-imaging neW images onto the reimageable 
transient documents. The images formed on the reimageable 
transient documents may be displayed in a higher resolution 
via the reimageable transient documents than a resolution of 
a display screen of a portable computing device. 

In embodiments, the portable computing device may be a 
mobile computer, such as, for example a laptop computer, a 
notebook computer or the like. The portable computing 
device may be any computing device that may be capable of 
being con?gured and integrated With the tonerless printer, 
such as, for example, a subnotebook, a personal digital assis 
tant, a portable data terminal, a mobile data terminal, a tablet 
personal computer, a smartphone, a Wearable computer or the 
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6 
like. The term “mobile computer” refers to any computing 
device that has the ability to use ‘untethered’ technology, that 
is not physically connected, or in remote, mobile or non-static 
environments. Further, the term “mobile computer” refers to 
any computing device that may be connected Wirelessly to 
and through the internet or to and through a private network. 
Still further, the tonerless printer is most suitable used in 
conjunction With the mobile computer, but utility of the ton 
erless printer is not limited thereto. In embodiments, the 
tonerless printer is used in conjunction With non-mobile com 
puters, such as, for example desktop computers and the like. 

In embodiments, the reimageable transient documents may 
include a media substrate for receiving the imaging layer or a 
photochromic compound. The media substrate may be made 
from paper or plastic or any suitable coatable material. The 
imaging layer may be applied to or may cover the media 
substrate to form a medium for displaying at least one tran 
sient image or at least one permanent image. In embodiments, 
the imaging layer may be applied to or may cover a ?rst side 
of the media substrate to form a single-sided reimageable 
transient document for Writing and for printing a transient 
image or a permanent image thereon. In embodiments, the 
imaging layer may be applied to or may cover the ?rst side of 
the media substrate and a second side of the media substrate 
to form a double-sided reimageable transient document for 
Writing and for printing transient images or permanent 
images thereon. 

In embodiments, the media substrate may be made from a 
porous paper, a coated paper or a photographic paper. The 
porous paper may be advantageous because a coating from a 
solution for the photochromic ?lm may provide a media 
substrate that may be coated on the ?rst side and the second 
side of the media substrate in one-step coating process. 
The imaging layer may include any suitable material that, 

When exposed to an activating energy such as ultraviolet light, 
may sWitch or may move betWeen a clear state and a colored 
state via, for example, an isomeriZation reaction. The color 
state may be reversed, and thus the image “erased” and the 
reimageable transient document returned to a clear state, by 
various means such as heating or visible light. The composi 
tion may be heated to a temperature that reverses the isomer 
iZation reaction, thus returning the photochromic material to 
a clear state. In the colored state, the image may remain 
visible for a period of time, such as, for example, tWenty 
hours, tWo days or inde?nitely. 

In embodiments, any suitable composition may be used for 
forming the transient imaging layer. For example, a photo 
chromic material, such as spiropyran, is knoWn in the art, and 
described in various of the above-referenced related applica 
tions. The composition may also include other materials that 
may exhibit the desired state change, such as UV-activated 
dyes, UV-activated acids and bases, UV-activated imines or 
amines, UV-activated functionaliZed fulgicides and dithie 
nylethenes, UV-activated ionomeric compounds, and the like, 
including combinations thereof. The composition for the 
imaging layer may be dispersed in any suitable medium for 
forming the imaging layer, such as being dispersed in a sol 
vent, a solution, a polymer binder, or the like; may be chemi 
cally bonded to a carrier such as a polymer binder; may be 
provided in the form of microencapsulated materials; and 
may be incorporated in an enclosed matrix to hold the imag 
ing composition in place; and the like. 

In embodiments, the photochromic material may be any 
suitable photochromic material that may be useful in provid 
ing reimageable transient documents including, for example, 
organic photochromic materials. Examples of photochromic 
materials may include spiropyrans and related compounds 
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like spirooxaZines and thiospiropyrans, benZo and naphtho 
pyrans (chromenes), stilbene, aZobenZenes, bisimidaZols, 
spirodihydroindoliZines, quinines, perimidinespirocyclo 
hexadienones, viologens, fulgides, fulgimides, diarylethenes, 
hydraZines, anils, aryl disul?des, aryl thiosulfonates and the 
like. In the aryl disul?des and aryl thiosulfonates, suitable 
aryl groups include phenyl, naphthyl, phenanthrene, 
anthracene, substituted groups thereof, and the like. These 
materials may variously undergo heterocyclic cleavage, such 
as spiropyrans and related compounds; may undergo 
homocyclic cleavage such as hydraZine and aryl disul?de 
compounds; may undergo cis-trans isomeriZation such as am 
compounds, stilbene compounds and the like; may undergo 
proton or group transfer phototautomerism such as photo 
chromic quinines; and may undergo photochromism via elec 
tro transfer such as viologens and the like. 

In embodiments, the imaging layer may include or a com 
position containing a precursor that generates an amine When 
exposed to UV light and an acid-base indicator, such as, for 
example phenolphthalein for Writing permanent images With 
out using ink or toner. The amine may react With the acid-base 
indicator to produce a speci?c coloration that is different for 
the initial color to create a stable and permanent image. In 
embodiments, the acid-base may be, for example Methyl 
violet, thymol blue, methyl yelloW, bromphenol blue, methyl 
orange, methyl red, litmus, bromthymol blue, phenol red, 
phenolphthalein, thymolphthanein and aliZarim yelloW. Gray 
levels of a color may be obtained by controlling the pH of the 
areas exposed to UV light. The acid-base indicator may 
change to various colors, as a function of the pH by control 
ling the amount of photogenerated amine to create multicolor 
images. 

In other embodiments, the imaging layer may include a 
composition having an amine photogenerator, a coupling 
agent like for example an aldehyde, a polymer binder and a 
solvent in a solvent for Writing permanent images Without 
using ink or toner. Writing is performed by exposing a portion 
of the imaging layer to UV light to produce an amine. The 
document may be heated to a temperature greater than 100° 
C. As a result, the amine may react With the coupling agent 
causing a color change at the exposed portion for forming a 
color contrast betWeen exposed portion and remaining unex 
posed portions. 

In embodiments, the imaging layer may include a compo 
sition having charged ionomers or ion containing polymers as 
components in the polymeric binder of transient documents 
to provide a more polar/ionic medium for Which to stabiliZe 
the colored-ionic state. For example, polyanions such as poly 
styrene sodium sulfonate or polycations such as poly(dial 
lyldimethylammonium chloride) may provide complimen 
tary charge stabiliZation of the merocyanine state. Writing 
may be performed by UV light and the Writing may have a 
longer image lifetime than a standard transient document 
lifetime due to the stabiliZing effects mentioned above. Eras 
ing the image may be achieved by applying heat to the docu 
ment. HoWever, the increased stability of the colored state 
may require elevated temperatures, longer heat times or a 
combination of both to erase or decoloriZe the media. 

In embodiments, the imaging layer may include a compo 
sition having a photochromic polymer that is thermally 
stable, such as, for example diarylethene and fulgide photo 
chromic materials. The photochromic polymer may be dis 
persed in a polymeric binder material. Writing to the docu 
ments may be performed by exposing a portion of the 
documents to UV light simultaneously With heating from a 
heating mechanism. Writing on the document may have a 
long image lifetime, such as, for example several days When 
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8 
the document is maintained at ambient conditions. The Writ 
ing Within the portions of the documents may be erased by 
exposing those areas to normal or high intensity visible light 
simultaneous, optimally With heating from a heating mecha 
nism. 

In the imaging layer of embodiments, the photochromic 
material is converted from a clear state to a colored state by 
the application of suitable energy, such as the application of 
ultraviolet light. The reimageable transient document may be 
erased by heating or by illumination With visible light of an 
appropriate Wavelength. An advantage of embodiments, hoW 
ever, is that the photochromic material does not revert to the 
colorless state at room temperature or under normal ambient 
light. As a result, the colored form of the photochromic mate 
rial, and thus the visible image, remains stable and visible for 
longer periods of time, for example from above tWo days to 
inde?nitely. 

In embodiments Where the photochromic material for the 
imaging layer may be coated on the substrate, coating of the 
substrate may be conducted by any suitable method available 
in the art, and the coating method is not particularly limited. 
For example, the imaging material may be coated on the 
substrate by dip coating the substrate into a solution of the 
imaging material composition folloWed by any necessary 
drying, or the substrate may be coated With the material to 
form the imaging layer thereof. A protective coating may be 
applied by similar methods. 

Imaging light used to form the images on the imaging layer 
of the reimageable transient documents may have any suit 
able predetermined Wavelength scope such as, for example, a 
single Wavelength or a band of Wavelengths. In embodiments, 
the imaging light may be UV light having a single Wavelength 
or a narroW band of Wavelengths selected from the UV light 
Wavelength range of about 200 nm to about 475 nm, such as 
a single Wavelength at about 365 nm or a Wavelength band of 
from about 360 nm to about 370 mm. For forming the image, 
the reimageable medium may be exposed to the imaging light 
for a time period ranging from about 10 milliseconds to about 
5 minutes, particularly from about 30 milliseconds to about 1 
minute. The imaging light may have an intensity ranging from 
about 0.1 mW/cm2 to about 100 mW/cm2, particularly from 
about 0.5 mW/cm2 to about 10 mW/cm2. 

In embodiments, UV light corresponding to an image may 
be generated by, for example a computer or a Light Emitting 
Diode (LED) array screen and the transient or permanent 
image may be formed on the reimageable transient document 
by placing the reimageable transient document on or in prox 
imity to the LED array screen for a duration of the time 
period. The LED array screen may also be referred to as a UV 
LED print bar. In other embodiments, a UV Raster Output 
Scanner (ROS) may be used to generate the UV light in an 
image-Wise pattern. Other suitable imaging techniques that 
may be used include, but are not limited to, irradiating a UV 
light onto the image forming medium through a mask, irra 
diating a pinpoint UV light source onto the image forming 
medium in an imageWise manner such as by use of a light pen, 
a stylus, and the like. 

To form or to Write the images on the imaging layer, a 
portion of the imaging layer may be exposed to UV light. The 
UV light may be representative of one or more images. The 
portion of imaging layer may exposed to UV light that cor 
responds to one or more images. UV light may move the 
portion of the imaging layer from the clear state to the colored 
state. After exposure to UV light, the portion of the imaging 
layer in the colored state may correspond to one or more 
images. As a result, the portion of the imaging layer in the 
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colored state may form a transient image corresponding to 
one or more images associated With the UV light. 

To erase the transient image in one embodiment, the reim 
ageable transient document bearing the image may be sub 
jected to, for example an ambient condition for the transient 
period of time to sWitch from the colored state to the clear 
state. Thus, the image may be erased Without using an erasing 
mechanism, and the image is visible only for the transient 
period of time su?icient for the user to vieW the transient 
image, but the period of time may also be limited to alloW the 
user to repeat the Writing or imaging procedures for image 
formation and image erasure any number of times. 

As such, the reimageable transient document may undergo 
a number of cycles of image formation and image erasure. For 
example, the reimageable transient document may undergo 
image formation and image erasure from about 2 to thousands 
and perhaps millions, of times, such as from about 2 or about 
1,000,000 or about 2 to about 100,000 or about 10,000 or 
more times. The reimageable transient document may be 
considered “self-erasing.” HoWever, because the colored 
form of the photochromic material of the imaging layer may 
be stable in embodiments, this self-erasure under ambient 
conditions may take from about tWelve hours to as long as 
about tWo Weeks or more. 

In other embodiments, Where faster erasure is desired so 
that a neW image formation may be formed, erasure may be 
conducted by heating the reimageable transient document to 
an elevated temperature or by exposing the reimageable tran 
sient document to visible light from an erasing mechanism. 
For example, heating can be conducted at a temperature from 
about 50 to about 5000 C., such as from about 100 to about 
2000 C., to enable erasure of the image. 

The erasing light used to remove or to erase the transient 
image from the imaging layer of the reimageable transient 
documents may have any suitable predetermined Wavelength 
scope such as, for example, a single Wavelength or a band of 
Wavelengths. In embodiments, the erasing light may be vis 
ible light having a single Wavelength or a narroW band of 
Wavelengths selected from the visible light Wavelength range. 

The color contrast that renders the image visible to an 
observer may be a contrast betWeen, for example tWo, three or 
more different colors. The term “color” may encompass a 
number of aspects such as hue, lightness and saturation, 
Where one color may be a different color than another color if 
the tWo colors may differ in at least one aspect. For example, 
tWo colors having the same hue and saturation but may be 
different in lightness may be considered different colors. Any 
suitable colors such as, for example, red, White, black, gray, 
yelloW, cyan, magenta, blue, and purple, may be used to 
produce a color contrast as long as the image is visible to a 
naked eye of the user. 

In embodiments, the folloWing exemplary color contrasts 
may be used: purple temporary image on a White background; 
yelloW temporary image on a White background; dark purple 
temporary image on a light purple background; and light 
purple temporary image on a dark purple background. For 
maximiZing color contrast, a desirable color contrast may be 
a dark gray or black image on a light or White background, 
such as a gray, dark gray, or black images on a White back 
ground, or a gray, dark gray, or black image on a light gray 
background. The color contrast may change or may diminish 
during a visible time, but the phrase “color contrast” may 
encompass any degree of color contrast su?icient to render an 
image discemable to the user regardless of Whether the color 
contrast may change or may remain constant during the vis 
ible time. 
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10 
In embodiments, the imaging layer may be overcoated by a 

protective layer, Which may protect the transient image dis 
played on the reimageable transient document against UV 
light, such as ambient light or sun light. The protective layer 
may be made of a dipolar molecule that may be reversibly 
sWitched betWeen a UV light transmission state and a UV 
light absorption state by applying an electric ?eld. The pro 
tective layer can also include, as With the imaging layer, a 
suitable solvent, polymer, encapsulations, or the like, for 
holding the dipolar molecules in place. The protective layer 
may protect the transient document against undesired image 
degradation due to ambient UV light. The protective layer 
may be optically clear and transparent in both states With the 
electric ?eld ON or OFF, so that the transient image may be 
Written on the underlying imaging layer When the electric 
?eld is ON, and the transient image may be vieWed through 
the protective layer When the electric ?eld is OFF. 

Referring noW to the draWing Wherein like numerals refer 
to like parts, FIG. 1 illustrates a system 10 for Writing or for 
printing one or more transient images onto an image layer of 
one or more reimageable transient documents 11 (hereinafter 
“document 11” or “documents 11”). In embodiments, the 
system 10 may Write or may print one or more images onto 
documents 11. 
The system 10 may have a portable computing device 12 

With an integrated tonerless printer 14 (hereinafter “printer 
14”). Tonerless refers to printing or imaging on a medium 
Without transferring toner particles or developer material to 
the medium. The portable computing device 12 may have a 
CPU 16 for operating and controlling the printer 14 to Write or 
to print the images onto imaging layers of the documents 11. 

In embodiments, the system 10 may be con?gured such 
that the printer 14 may be positioned underneath or adjacent 
to a bottom side of the portable computing device 12. Alter 
natively, the system 10 may be con?gured such that the 
printer 14 may be positioned adjacent to a rear side of the 
portable computing device 12. An advantage of system 10 
may be that the printer 14 is integrated With the portable 
computing device 12. As a result, the system 10 include a 
portable computing device and printing station to be utiliZed 
by a mobile Worker or a user that remote With respect to a 
stationary computing system. It should be understood that the 
con?guration of the printer 14 and the integrated portable 
computing device 12 of the system 10 may be any con?gu 
ration that conveniently and ef?ciently integrates the printer 
14 With the portable computing device 12 as knoWn to one 
skilled in the art. 
The CPU 16 may be operatively connected to or in com 

mon With the printer 14. The portable computing device 12 
may have output devices (not shoWn in the ?gures), input 
devices (not shoWn in the ?gures) and a user interface (not 
shoWn in the ?gures) for operating or manipulating the CPU 
16. One of the output devices may be a display screen for 
displaying one or more images associated With one or more 

digital ?les that may be stored Within or accessed by the CPU 
16 of the portable computing device 12. The images may be 
visual representations of the one or more digital ?les and may 
be displayed on the display screen of the portable computing 
device 12 in a ?rst resolution, such as, for example 100 dots 
per inch (hereinafter “dpi”), 200 dpi or 300 dpi. 
A number of documents 11 may be stored Within or may be 

housed Within an area associated With the printer 14. In 
embodiments, the printer 14 may have a storage area 13 
formed therein. The printer 14 may be siZed and may be 
shaped to receive the documents 11 for storing or housing the 
documents. As a result, the number of documents 11 may be 
stored or may be housed Within the storage area 13 of the 
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printer 14. In embodiments, the number of documents 11 
Which may be stored Within the storage area 13 may be, for 
example, one (1) to about tWenty (20), ?fty (50) or less than 
about one hundred (100). It is desirable to maintain the siZe of 
the storage area 13 too as small as possible, and thus to 
minimize the number of reimageable sheets. 

The printer 14 may have a ultraviolet light source 17 (here 
inafter “UV source 17”), a scanning mechanism 18 and/or an 
erasing mechanism 20 therein. The CPU 16 of the portable 
computing device 12 may be operatively connected to or in 
communication With the UV source 17, the scanning mecha 
nism 18 and the erasing mechanism 20. As a result, the CPU 
16 may operate or may control the UV source 17, the scanning 
mechanism 18 and the erasing mechanism 20. The CPU 16 
may activate or may deactivate at least one of the UV source 
17 and the erasing mechanism 20 to Write images to the 
documents 11 or to erase images from the documents 11, 
respectively. The CPU 16 may activate the scanning mecha 
nism 18 to create one or more digital ?les based on or corre 

sponding to images of the documents 11. 
The CPU 16 may activate the UV source 17 to emit UV 

light for Writing or for printing one or more images represen 
tative of the one or more digital ?les onto one or more docu 

ments 11. The CPU 16 may deactivate the UV source 17 to 
prevent or to terminate Writing. In embodiments, the UV 
source 17 may be a portable UV light source device, such as, 
for example, a UV light emitting diode print bar (hereinafter 
“LED print bar”). The LED print bar may be siZed and shaped 
to be integrated Within the printer 14. The LED print bar may 
emit UV light at the ?rst UV light Wavelength range. Alter 
natively, the UV source 17 may be, for example a UV raster 
output scanner or the like. 

The UV source 17 may be positioned Within the printer 14 
such that the UV source 17 is directed toWard the imaging 
layer of the documents 11. The CPU 16 may transmit a signal 
or a command to the UV source 17 that is indicative of or 
digitally representative of at least one image associated With 
at least one digital ?le. The digital ?le may be accessible or 
may be retrievable by the CPU 16. The UV source 17 may 
produce or may emit UV light corresponding to or indicative 
of the signal and the image associated With the digital ?le. 
UV light from the UV source 17 may be directed toWard at 

least one portion of the imaging layer on at least document 11 
to sWitch or to move photochromic material Within that por 
tion of the imaging layer betWeen a clear state and a colored 
state via the isomeriZation reaction. The portion of the imag 
ing layer sWitched to the colored state via the UV light may 
correspond to the at least one image of the at least one digital 
?le. A color contrast may be de?ned by the portion of the 
imaging layer that is in the colored state in vieW of the remain 
ing area of the imaging layer that is in the clear state. The 
color contrast formed on the imaging layer of the document 
11 may form or may de?ne the image associated With the 
digital ?le that is displayed by or is vieWable via the document 
11. As a result, the document 11 may display at least one 
image associated With at least one digital ?le that may be 
accessible via the CPU 16 of the portable computing device 
12. 

With the imaging layer in the colored state, the photochro 
mic compound may display at least one image in a single 
color, multiple colors, gray scale colors and the like. As a 
result, the color contrast de?ned by the portion of the imaging 
layer of the documents 11 in the colored state may display the 
images representative of the digital ?le in a single color, in 
multiple colors, in gray levels, With a brightness or in a second 
resolution. The brightness associated With the portion of the 
document may depend upon an intensity of UV light emitted 
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12 
thereon by the UV source 17 or the duration of time that 
imaging layer of the document 11 is exposed to UV light 
emitted thereon by the UV source 17. 
The CPU 16 may be programmed to control a brightness 

for images associated With the portion of the imaging layer in 
the colored state by increasing or decreasing the intensity of 
UV light emitted thereon or the duration of time that UV light 
is emitted thereon. The image Written onto the image layer of 
the document 11 may have a greater brightness than images 
displayed on the display screen of the portable computing 
device 12. As a result, the image Written onto the image layer 
of the document 11 may be clearer or more visible than the 
image displayed on the display screen of the portable com 
puting device 12. 

In embodiments, the second resolution for the image dis 
played on the document 11 via the imaging layer may be 
greater than the ?rst resolution for the image displayed on the 
display screen of the portable computing device 12. In 
embodiments, the second resolution for the imaged displayed 
on the document 11 may be at least 400 dpi, may exceed 600 
dpi or may be about 1200 dpi. As a result, the image displayed 
on the image layer of the document 11 in the second resolu 
tion may be clearer or visible than the image displayed via the 
display screen in the ?rst resolution. 
The printer 14 may have a paper transfer mechanism 22 for 

ejecting or dispensing one or more documents 11 that display 
the at least one image associated With the at least one digital 
?le from the printer 14. After the at least one image is framed 
on the imaging layer of at least one document 11 via the UV 
source 17, the at least one document 11 is removed from or is 
transferred from the printer 14 to the user via a slot (not shoWn 
in the drawings) that may be formed in a housing of the printer 
14 and/or the portable computing device 12. The user may 
retrieve the at least one document 11 from the slot. As a result, 
the document 11 may be portable With respect to the portable 
computing device 12 for revieWing by the user, for presenta 
tion to others or modi?cation by the user. Moreover, the user 
may be capable of creating the document 11 With the image 
mobility from the portable computing device 12 Without hav 
ing to access a remote network, a netWork printer or a printing 
establishment. 

In embodiments, the system 10 may have a stylus 24 for 
modifying, for revising or for editing at least one document 11 
that Was retrieved from the portable computing device 12. The 
portable computing device 12 or the printer 14 may have a 
compartment for receiving and for storing the stylus 24. The 
stylus 24 may have a light source mounted thereon for emit 
ting UV light in a second UV light Wavelength range to Write 
onto the image layer of the document 1 1. The second UV light 
Wavelength range may be similar to or may be the same as the 
UV light Wavelength range of UV light emitted by the UV 
source 17. 

UV light in the second UV light Wavelength range emitted 
from the stylus 24 may sWitch other portions of the image 
layer from the clear state to the colored state to add a Written 
image to the image layer of the document. The other portions 
of the image layer in the colored state Written by UV light 
from the stylus 24 may modify or may change the color 
contrast thereon of the imaging layer in the colored state. As 
a result, the other portions may de?ne or may form at least one 
Written image on the imaging layer of the document 11 to 
modify or to edit the document 11. The Written image added 
to the image layer by UV light emitted from the stylus 24 may 
be formed by an isomeriZation reaction that may be similar to 
the isomeriZation reaction that formed the image representa 
tive of the digital ?le on the image layer. The Written image 
may be a transient image or may be a permanent image that 
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may fade away by the expiration of the transient period of 
time or may be displayed inde?nitely, respectively. 

At the expiration of the transient period of time, the Written 
portion may sWitch from the colored state to the clear state via 
the isomeriZation of the imaging layer of the document 11 . As 
a result, the color contrast visible on the imaging layer of the 
document 11 may disappear or may fade aWay after the expi 
ration of the transient period of time. On the imaging layer, 
the image formed by the UV source 17 or the Written image 
formed by the stylus 24 may disappear or may fade aWay by 
the expiration of the transient period. As a result, the docu 
ment 11 may become blank and/or the color contrast may not 
exist by the expiration of the transient period. 

The blank document 11 may be inserted into the slot of the 
printer 14 or the portable computing device 12. The document 
11 may be transferred into the storage area 13. As a result, the 
document 11 may be stored Within the storage area 13 for 
re-imaging or by the printer 14. During re-imaging, a portion 
of the document 11 may be re-exposed to UV light as 
described above and may display other images indicative of 
or representative of the same digital ?le or other digital ?les 
that are accessible by or displayed from the portable comput 
ing device 12. Imaging and re-imaging of the documents 11 
by the printer 14 may alloW the user to print and vieW images 
of one or more digital ?les Without requiring the user to carry 
a large quantity of printable media, such as paper for imaging 
by the printer 14. As a result, the documents 11 and the printer 
14 may increase mobility of and/or ef?ciency of a mobile 
Worker or the user by alloWing imaging and re-imaging the 
documents 11 to display images associated With one or more 
digital ?les. 

The document 11 may display the image formed by the UV 
source 17 and/or the Written images formed by the stylus 24 as 
set forth above. The document 11 may be inserted into the slot 
and may be transferred to the scanner mechanism 18 for 
imaging to create a digital image of the document 11. The 
scanner mechanism 18 may scan the document 11 and may 
create the digital image of the document 1 1. The digital image 
of the document 11 may be digitally formatted and transmit 
ted to the CPU 16 of the portable computing device 12. The 
CPU 16 may store the digital image of the document 11 
therein. As a result, the user may be capable of modifying the 
document 11 With the Written images formed by the stylus 24 
and storing a modi?ed version of the document 11 Within the 
CPU 16. 

For example, the document 11 may display a permanent 
template, such as company letter head and a transient image 
representative of a digital ?le, such as a letter. The user may be 
required to add a signature to the document 11 prior to trans 
mitting the document 1 1 to a third party. The user may retrieve 
the document With the permanent template and the transient 
image from the printer 14, may add the signature to the 
document 11 and may create a digital image of the document 
11 via the scanning mechanism 18. The user may transmit the 
digital image of the document 11 to the third party via the 
portable computing device 12. 

Prior to the expiration of the transient period of time, the 
user may desire to erase the image and/ or the Written images 
from the imaging layer of the document 11 to prepare the 
document 11 for re-imaging by the printer 14. The user may 
insert the document 11 into the slot for transferring the docu 
ment 11 to the erasing mechanism 20 for erasing the image or 
the Written images from the imaging layer of the document 
11. 

In embodiments, the erasing mechanism 20 may have a 
visual light source (hereinafter “VIS light source”) or a heat 
ing source. The VIS light source may emit high intensity VIS 
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light that is directed inWardly With respect to the imaging 
layer of the document 11. High intensity VIS light or the 
heating source may heat the imaging layer of the document 11 
for erasing the images and/ or the Written images thereon. 
Alternatively, the erasing mechanism 20 may have a light 
source that may emit inferred (hereinafter “IR”) light to heat 
the imaging layer of the document 11. The heat from the VIS 
light, the IR light or the heating source may heat the imaging 
layer to a temperature that reverses the isomeriZation reac 
tion, thus returning the portion of the Written images from the 
colored state to a clear state. As a result, the Written images 
may be erased from the document 11 by heating the imaging 
layer of the document 11. Thus, the document 11 may be 
blank and may be ready for re-imaging by the printer 14. 
The paper transfer mechanism 22 may move the blank or 

erased document 11 into the storage area 13 for storing the 
document 11 until the printer 14 is prepared to re-image the 
document 11 With other images associated With one or more 
documents. Alternatively, the paper transfer mechanism 22 
may retrieve the document 1 1 from the erasing mechanism 20 
and the UV source 17, and may emit UV light onto the 
imaging layer of the document 11 Without moving the docu 
ment 11 into the storage area 13.As a result, the document 11 
may be erased by the erasing mechanism 20 and re-imaged by 
the UV source 17 in a single-pass. The re-imaged document 
1 1 may be dispensed from the printer 14 via the paper transfer 
mechanism 22. One or more of the documents 11 may be 
imaged, erased and re-imaged more than one time to display 
any number of images associated With the one or more digital 
?les. 

FIG. 3 illustrates a system 100 for Writing one or more 
images to one or more of the documents 11. The system 100 
may have a computing device 102 Which may be connectable 
to a portable tonerless printer 104 (hereinafter “portable 
printer 104”) for Writing or for printing one or more images 
associated With one or more digital ?les stored Within, 
accessed by or displayed by the computing device 102. The 
portable printer 104 may have a con?guration that alloWs 
carrying or transporting the portable printer 104 to be conve 
nient and non-burdensome. Additionally, the con?guration of 
the portable printer 104 may be light-Weight to increase port 
ability of the portable printer 104 for use by a mobile Worker 
or the user. 

It should be understood that like number Within FIG. 3 
refer to like components in FIG. 2. The portable printer 104 
may include a heating mechanism 106 and an electric ?eld 
mechanism 108. The CPU 16 of the computing device 102 
may be operatively connected to or in communication With 
the heating mechanism 106 and the electric ?eld mechanism 
108. One or more digital signal may be transmitted betWeen 
the CPU 16 and the heating mechanism 106 or the electric 
?eld mechanism 108. 

Similarly as described With respect to the printer 14, the 
portable printer 104 may form one or more images on the 
documents 11 by exposing one or more portions of the image 
layer of the documents 11 to UV light emitted from the UV 
source 107. As a result, the one or more portions may sWitch 
from the clear state to the colored state to form the color 
contrast for displaying the one or more images. The portable 
printer 104 may erase transient images by heating the imag 
ing layer of the documents from heat emitted from the heating 
mechanism 106. As a result, the portion of the imaging layer 
may be sWitched from the colored state to the clear state to 
erase or to remove the color contrast or the one or more 

images from the imaging layer of the documents 11. 
In embodiments, the documents stored in the storage area 

13 of the portable printer 104 may have an imaging layer for 
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Writing permanent images Without using ink or toner. The 
Writing of permanent images may be performed by exposing 
one or more portions of the imaging layer of the document 11 
to UV light to produce an amine Within the imaging layer. The 
heating mechanism 106 may heat the document 11 to a color 
changing temperature that is at least greater than 100° C. As 
a result, the amine formed Within the imaging layer may react 
With a coupling agent that causes the portions of the imaging 
layer to sWitch from the clear state to the colored state for 
forming the color contrast betWeen image and the non-im 
aged portions of the document 11. 

For Writing permanent images, the CPU 16 of the comput 
ing device 102 may transmit a digital signal to the UV source 
17 to initiate Writing of one or more images associated With or 
representative of one or more digital ?les. The UV source 17 
may emit UV light onto a portion of the imaging layer of the 
document 11 that is indicative of one or more images associ 
ated With one or more digital ?les. The CPU 16 may transmit 
a signal to the heating mechanism 106 to initiate heating of 
the document 11. The heating mechanism 106 may heat the 
document 11 to at least the color-changing temperature for 
the imaging layer of the document 11. Alternatively, the UV 
source 17 may emit UV light and the heating mechanism 106 
may emit heat simultaneously directed inWardly With respect 
to the portion of the imaging layer of the document 11. As a 
result, the portion of the imaging layer of the document 11 
may sWitch from the clear state to the colored state to display 
the color contrast and the image representative of the digital 
?le. 

The portion of the imaging layer of the document 11 
exposed to UV light and the heat may sWitch from the clear 
state to the colored state to form the color contrast and the 
image associated With the at least one digital ?le thereon. The 
document 1 1 having the image displayed thereon via the color 
contrast may be ejected or removed from the portable printer 
104. The user may retrieve the document 11 from a slot of the 
portable printer 104 to vieW or to utiliZe one or more images 
formed thereon by the UV source 17 and the heating mecha 
nism 106 of the portable printer 104. 

In permanent imaging embodiments, the imaging layer in 
the colored state may be thermally stable to prevent the imag 
ing layer from sWitching back to the clear state Without being 
heated to a temperature greater than the color-changing tem 
perature of the imaging layer. As a result, the image formed on 
the document 11 may be displayed inde?nitely or perma 
nently until heat is applied to the imaging layer of the docu 
ment 11. The user may desire to erase or to clear the image 
from the imaging layer for reusing or for re-imaging the 
document 11. 

The user may insert the document 11 into the slot for 
transferring the document 11 to the heating mechanism 106 
for erasing the image or the color contrast displayed by the 
imaging layer of the document 11 via heating. The heating 
mechanism 106 may heat the imaging layer to a temperature 
that is greater than the color-changing temperature of the 
imaging layer. As a result, the portion of the imaging layer 
that forms the color contrast and the image may sWitch from 
the colored state to the clear state. Thus, the image and the 
color contrast displayed by the imaging layer may fade aWay 
or may disappear from the imaging layer of the document 11. 

The paper transfer mechanism 22 may move the blank or 
erased document 11 to the storage area 13 for storage therein 
until a re-imaging process is initiated by the UV source 17. 
Alternatively, the document 11 may be positioned adjacent to 
the UV source 17 and may be exposed to UV light for re 
imaging one or more images associated With one or more 

documents onto the imaging layer of the documents 11. As a 
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result, the image displayed on the imaging layer of the docu 
ment 11 may be erased by heating and the document 11 may 
be re-imaged by UV light emitted from the UV source 11 in 
a single-pass. 

In embodiments, a protective layer, such as, for example a 
dipolar molecule dispersed in a polymeric binder may coat or 
may cover the imaging layer of the documents 11. The pro 
tective layer may prevent UV light from the entire UV spec 
trum from coloring unexposed portions of the documents 11 
that remain in the clear state after Writing by the portable 
printer 104. Before Writing the image to the portion of the 
imaging layer, the electric ?eld mechanism 108 may apply an 
electrical ?eld to the protective layer to alloW UV light from 
the UV source 17 to be emitted onto the imaging layer of the 
documents 1 1. After the portion of the imaging layer has been 
exposed to the UV light to form the image or the color contrast 
thereon, the electrical ?eld from the electric ?eld mechanism 
108 may be removed and the protective layer may absorb UV 
from ambient light for preventing undesired coloration of 
unexposed portions of the imaging layer. Alternatively, the 
protective layer may contain electrodes at ends to alloW a 
voltage to applied through these electrodes from the electric 
?eld mechanism 108 for Writing onto the imaging layer of the 
documents 11. 

The protective layer may protect the image formed on the 
imaging layer against UV light, such as ambient light or sun 
light. As a result, the protective layer may protect the docu 
ments 11 against undesired image degradation due to ambient 
UV light. In embodiments, the protective layer may be opti 
cally clear and transparent When the electrical ?eld is being 
applied or is not being applied, so that the image may be 
Written on the underlying imaging layer When the electrical 
?eld is being applied, and the image may be vieWed by the 
user through the protective layer When the electrical ?eld is 
not being applied. The paper transfer mechanism 22 may 
eject or may dispense the document 11 With the image formed 
on the imaging layer underneath the protective layer. The user 
may retrieve the document 1 1 from the paper transfer mecha 
nism 22 via the slot of the portable printer 102. 

The user may desire to erase the image or the color contrast 
formed on the imaging layer beneath the protective layer of 
the document 11. The user may insert the document 11 into 
the slot of the portable printer 104 and the document 11 may 
be moved to a position adjacent to the heating mechanism 1 06 
and the electric ?eld mechanism 108 for erasing the image 
and the color contrast from the imaging layer of the document 
11. The electric ?eld mechanism 108 may apply the electrical 
?eld to the protective layer so that the protective layer is not 
protecting the imaging layer from UV light or heat. The 
heating mechanism 106 may emit heat inWardly With respect 
to the document 11 as the electrical ?eld is being applied by 
the electric ?eld mechanism 1 08. As a result, the heat from the 
heating mechanism 106 may sWitch the portion of the imag 
ing layer from the colored state to the clear state to erase the 
image or the color contrast therefrom. Thus, the image or the 
color contrast displayed on the imaging layer may fade aWay 
or may disappear from the imaging layer of the document 11. 
The document 11 may be moved to the storage area 13 for 

storing the document 11 until the portable printer 104 may 
initiate re-imaging of the document 11. Alternatively, the 
document 11 may be positioned adjacent to the UV source 17 
for re-imaging by the portable printer 104. The electric ?eld 
mechanism 1 08 may apply the electrical ?eld to the protective 
layer and the UV source 17 may emit UV light onto the 
document 11 for forming the image or the color contrast on 
the imaging layer of the document 11. As a result, the image 
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formed on the document 11 may be erased and the document 
11 may be reimaged in a single-pass. 

FIG. 4 illustrates a document 11 for Writing or for printing 
one or more transient images. Document 11 includes imaging 
layer 26 and substrate 28. In embodiments, the system 10 may 
Write or may print one or more images onto the imaging layer 
26 ofthe document 11. 
Many alternatives, modi?cations and variations of the 

exemplary embodiments Will be apparent to those skilled in 
the art. For example, variations may involve different types, 
shapes and proportions of the main features of the described 
devices. Accordingly, the embodiments, as set forth above, 
are intended to be illustrative and not limiting. Various 
changes may be made Without departing from the spirit and 
scope of the exemplary embodiments. 

What is claimed is: 
1.A system for printing an image to a document, the system 

comprising: 
a portable computing device having a central processing 

unit, Wherein the central processing unit accesses at least 
one digital ?le; 

a printer connected to the central processing unit, Wherein 
the printer is integrated into the portable computing 
device, Wherein the central processing unit transmits a 
digital signal to the printer, Wherein the digital signal is 
representative of one or more images associated With at 
least a portion of the at least one digital ?le, Wherein the 
printer has a light source that emits ultraviolet light 
indicative of the digital signal received from the central 
processing unit; 

a reimageable document positionable adjacent to the light 
source, Wherein the reimageable document comprising: 
a substrate; and 
an imaging layer comprising an imaging material, 

Wherein the imaging layer is coated on the substrate, 
Wherein the imaging material exhibits a reversible 
transition betWeen a clear state and a colored state, 
Wherein the imaging layer is imagable by the ultra 
violet light emitted from the light source, Wherein the 
ultraviolet light moves a ?rst portion of the imaging 
material from the clear state to the colored state, and 
Wherein the ?rst portion corresponds to the image 
associated With at least a portion of the digital ?le; and 

a stylus emitting ultraviolet light, Wherein a second portion 
of the imaging material is movable from the clear state to 
the colored state via ultraviolet light emitted from the 
stylus, Wherein the second portion forms a Written image 
on the imaging layer of the reimageable document. 

2. The system according to claim 1, further comprising: 
a scanning mechanism creating a digital ?le of the reim 

ageable document Wherein the digital ?le created by the 
scanning mechanism is accessible by the portable com 
puting device. 

3. The system according to claim 1, further comprising: 
a storage area formed Within the printer, Wherein the stor 

age area is siZed to receive one or more reimageable 
documents. 

4. The system according to claim 1, the printer further 
comprising: 

an erasing mechanism emitting visible light With an appro 
priate Wavelength toWard the imaging layer of reimage 
able document, Wherein the imaging material is movable 
from the clear state to the colored state by the visible 
light. 

5. The system according to claim 1, the printer further 
comprising: 
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a heating source emitting heat toWard the imaging layer of 

the reimageable document Wherein the imaging layer is 
heated by the heat from the heating source, Wherein the 
imaging material is movable betWeen the clear state and 
the colored state by heat emitted from the heating 
source. 

6. The system according to claim 1, the reimageable docu 
ment further comprising: 

a protective layer over or Within the imaging layer, Wherein 
the protective layer prevents ambient light from moving 
portions of the imaging layer from the clear state to the 
colored state. 

7. A system for printing one or more images to one or more 
reimageable documents, Wherein an image is representative 
of at least a portion of a digital ?le, Wherein the digital ?le is 
accessible by a central processing unit, the system compris 
ing: 

a reimageable document having an imaging layer made of 
an imaging material Wherein the imaging material 
exhibits a reversible transition betWeen a clear state and 
a color state; 

a portable printer connectable to the central processing 
unit, Wherein the portable printer receives a digital sig 
nal from the central processing unit, Wherein the digital 
signal is representative of a portion of the digital ?le, the 
printer comprising: 
a light source capable of emitting ultraviolet light toWard 

the imaging layer of the reimageable document, 
Wherein a portion of the imaging layer is imagable by 
ultraviolet light emitted from the light source, 
Wherein the portion of the imaging layer is movable 
from the clear state to the color state by ultraviolet 
light and forms a color contrast on the imaging layer, 
Wherein the color contrast de?nes an image that is 
representative of the portion of the digital ?le; and 

a stylus emitting ultraviolet light, Wherein a second portion 
of the imaging layer is movable from the clear state to the 
colored state via ultraviolet light emitted from the stylus, 
Wherein the second portion forms a Written image on the 
imaging layer of the reimageable document. 

8. The system according to claim 7, Wherein the portable 
printer is located remotely With respect to the central process 
ing unit. 

9. The system according to claim 7, the portable printer 
further comprising: 

a heating source capable of emitting heat toWard the imag 
ing layer of the reimageable document, Wherein heat 
from the heating source forms the color contrast on the 
imaging layer or erases the color contrast from the imag 
ing layer. 

10. The system according to claim 7, the portable printer 
further comprising: 

an electric ?eld source capable of applying an electrical 
?eld to the reimageable document, Wherein an electrical 
?eld alloWs imaging of the imaging layer and erasing of 
the color contrast from the imaging layer. 

11. The system according to claim 7, Wherein the portable 
printer is integrated With the central processing unit into a 
portable computing device. 

12. A method for printing one or more images to one or 
more reimageable documents, Wherein the one or more 
images are representative of at least a portion of a digital ?le, 
the method comprising: 

connecting a portable printer to a computing device; 
emitting ultraviolet light from a light source of the portable 

printer onto a ?rst portion of an imaging layer of the 
reimageable document that is imagable by ultraviolet 
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light, wherein the ultraviolet light forms a color contrast 
on the imaging layer that de?nes an image representative 
of at least a portion of the digital ?le; and 

emitting a second ultraviolet light from a stylus onto a 
second portion of the imaging layer, Wherein the second 
portion forms a Written image on the imaging layer of the 
reimageable document. 

13. The method according to claim 12, Wherein the image 
formed by the color contrast is a transient image or a perma 
nent image. 

14. The method according to claim 12, further comprising: 
integrating the computing device and the printer into a 

portable computing device. 
15. The method according to claim 12, further comprising: 
erasing the color contrast from the imaging layer of the 

reimageable document by heating the imaging layer or 
by exposing the imaging layer to visible light. 

20 
16. The method according to claim 15, further comprising: 
folloWing the erasing, reimaging the imaging layer With 

ultraviolet light, Wherein ultraviolet light forms another 
image indicative of the digital ?le onto the imaging 
layer. 

17. The method according to claim 12, Wherein the por 
table printer is located remotely With respect to the computing 
device. 

18. The method according to claim 12, further comprising: 
modifying the color contrast formed on the imaging layer 

of the reimageable document With ultraviolet light. 
19. The method according to claim 12, Wherein the imag 

ing layer is made of imaging material that is movable from a 
clear state to a colored state, Wherein imaging material in the 
colored state de?nes the color contrast. 


